Summary. The interactions of oestriol and progesterone were studied in a series of assays for oestrogenic and progestational activities, and the responses were compared with data on progesterone-oestrone combina¬ tions in the same tests. The vaginal effects of these two oestrogens do not seem to differ, whereas the interactions of oestriol and progesterone are quite different from the interactions of oestrone and progesterone when uterine end-points are considered. Since oestriol is the dominant aromatic steroid excreted during pregnancy and the luteal phase of the menstrual cycle, we feel that explanations for many unsolved problems of luteal-phase and pregnancy physiology may reside in these interactions.
INTRODUCTION
Since oestriol was discovered in the urine of pregnant women over 30 years ago (Doisy, Mayer, Levinand & Curtis, 1930; Marrian, 1930) , most workers have considered it simply as a metabolite of oestrone and oestradiol, an excretory product of no further physiological significance. More recently, interest in this material has increased. The studies of Hisaw, Velardo & Goolsby (1954) and Huggins & Jensen (1955) were stimulated by data that showed that the marked rise in oestrogens excreted during later pregnancy, and during the luteal phase of the menstrual cycle, is largely the result of changes in oestriol concentration (see Merrill, 1958 , for review, and particularly the recent papers by Brown, 1955 Brown, , 1956 Brown, , 1959 . Hisaw et al. found that oestriol would inhibit the uterine growth stimulated by either oestrone or oestradiol-17 (3 in castrate adult rats, and Huggins & Jensen extended the study to the effects of oestriol and related agents on oestrone-induced uterine growth of young hypophysectomized rats. Systemically, oestradiol-17p, oestrone and oestriol, tested in pairs, had simple additive relationships when rat-vaginal-smear changes were employed as an index of effect (Claringbold, 1955; Edgren & Calhoun, 1957a ), although they were mutually antagonistic by the intravaginal route. It has long been known that progesterone is a potent inhibitor of oestrogen-stimulated responses of various types (Roberts & Szego, 1953 Edgren & Calhoun (1960a) . Zarrow & Neher (1953) showed that, whereas oestradiol and oestrone blocked the action of progesterone on the stromal nuclei of mouse uteri (Hooker-Forbes test), oestriol was ineffective, even at very high dose levels. Miyake & Pincus (1958) reported that oestriol is qualitatively similar to other oestrogens, both natural and synthetic, in its ability to antagonize the uterine carbonic anhydrase and glandular effects of progesterone in rabbits. They found oestriol to be about as potent as oestrone, oestradiol-17ß or stilboestrol in this test, despite the fact that oestriol is usually considered to be a weak oestrogen when given systemically (Merrill, 1958) . Merrill (1958) The effects of progesterone upon oestriol-induced uterine growth have been evaluated by methods described previously (Edgren & Calhoun, 1957b) . Briefly, the compounds to be studied were administered subcutaneously, either individually or in combination, in 0-3 ml of corn oil. One-tenth millilitre of solution was injected each day for 3 days into mice 22 to 24 days of age. Twenty-four hours after the final injection, the uteri were removed, cleaned, and weighed wet on a torsion balance. Groups of eight to ten mice were employed for each treatment, and interpretations were based upon the mean values from such treatment groups. In our mouse-uterine-growth studies, all doses indicated are total doses.
One hundred microgrammes of oestriol, which served as a standard stimu¬ lator, gave uterine weights ranging from 33 to 47-5 mg group averages, as compared with averages in oil-treated groups of about 10 mg. The standard oestriol groups varied around an overall mean of about 40 mg uterine weight. The simultaneous administration of progesterone at doses ranging from 1 to 1000 \xg failed to produce any mensurable depression in this oestriol-stimulated 100 R. A. Edgren, R. L. Elton and D. W. Calhoun uterine growth (Text- fig. 1 ). In this test, the marked anti-oestriol effects of testosterone propionate (tp) were similar to those reported for both pro¬ gesterone and tp when administered to oestrone-treated mice (Edgren & (Wilcoxon, 1949 (Edgren, 1959) ; they suggested no significant inhibition of oestriol-induced vaginal effects by progesterone when both steroids were administered simultaneously over a 2-day period. Progesterone was administered in doses up to 10 mg/rat, and oestriol was employed at a dose of 100 ng. In this test, oestrone-stimulated changes were also unaffected by progesterone, whereas if the doses are injected over a 4-day period oestrone effects were blocked by progesterone (Edgren, 1960a) .
Mouse-vaginal-smear studies have been pursued in greater detail. In a standard two-injection assay, in which oestriol and progesterone were adminis¬ tered simultaneously, there was again no blockage (Edgren, 1960b) . Where both materials were given simultaneously over a 4-day period, there was significant blockage (Edgren, 1960c) . In the latter experiment, progesterone was injected in various patterns of 1 and 2 days. These studies suggested that progesterone best inhibits the oestriol-induced response when it is administered midway in the 4-day oestriol-injection period. The oestrone-stimulated vagina showed the same pattern of responses (Edgren, 1960d) .
EFFECTS OF OESTRIOL ON SOME ACTIVITIES OF PROGESTERONE Epithelial arborization of rabbit uteri
The effect of oestriol on progesterone-induced proliferation of the uterine epithelium of rabbit uteri was studied in Clauberg tests (Clauberg, 1930) , by combining the oestrogen with standard doses of progesterone. The degree of antagonism was determined by the decreased glandular proliferation of uteri in rabbits that received oestriol with the progesterone. Progesterone was (Elton & Edgren, 1958; Zarrow, Caldwell & Peter, 1958 (Edgren & Calhoun, 1959 ). This hypothesis is in the process of modification and extension at the present time.
The data at hand also suggest that in their anti-progesterone effects oestriol and oestrone are different. Oestriol appears to act as a non-competitive inhibitor of progesterone whereas oestrone and oestradiol appear to be competitive antagonists. These data may also fit the dual-receptor-site hypothesis when they are adequately explored. Regardless of mechanism, or of qualitative as opposed to quantitative differences, the fact remains that oestrone and oestriol differ greatly in their interactions with progesterone. Although the implications of the individual tests remain unexplained, the differences are clear. Thus, one must conclude that the two dominant hormones of pregnancy, progesterone and oestriol, show patterns of interactions that differ from those of progesterone and oestrone, which may be considered as typical of the dominant oestrogens of the follicular phase of the oestrous-menstrual cycle.
